In this paper the synthesis of a library of new 1,4-disubstituted 1,2,3-triazoles 1, with a variety of additional functional groups on its structure, from an in situ generated benzyl azide 2 and different alkynes and dialkynes 3 is reported. Optimal experimental conditions were established for the conventional click chemistry and for the microwave-assisted synthesis of these 1,2,3-triazoles. Comparing the results it was concluded that under microwave-assisted conditions the products are obtained in higher yields in shorter times.
Introduction
In recent years, triazole compounds have received much attention due to their wide range of applications in organic and medicinal chemistry. Specifically, 1,2,3-triazoles have been used in pharmaceuticals, agrochemicals, dyes, photographic materials and corrosion inhibitors materials. 1 There are numerous examples in the literature of the biological activity of triazole Several methods have been described for the synthesis of 1,2,3-triazoles, but commonly they are available from the thermally induced Huisgen cycloaddition reaction between azides and alkynes. 5 This cycloaddition reaction usually affords mixtures of 1,4-and 1,5-disubstituted 1,2,3-triazoles. 6 Recently, Sharpless 7a and Meldal 7b reported, that 1,4-disubstituted 1,2,3-triazoles are specifically prepared from azides and terminal alkynes under copper(I) catalysis to give 1,4-substituted products with high regioselectivity. The regioisomeric 1,5-disubstituted triazoles are available from azides and terminal alkynes by the use of either magnesium acetylides or ruthenium catalysts. 8, 9 In the mechanism proposed by Sharpless for this reaction, the copper(I) ion is inserted into the terminal alkyne, forming the copper(I) acetylide i; this compound reacts with an organic azide and a subsequent rearrangement forms the final product iii (Scheme 1). Because of the existence of copper(I) acetylide i, the reaction was regiospecific and only the 1,4-disubstituted 1,2,3-triazole was formed. On the other hand, microwaves have been recognized as a valuable tool for assisting a variety of chemical reactions. 10 A fast and simple procedure of microwave-assisted synthesis of 1-aryl-1,2,3-triazoles from aryl azides and α-keto phosphorus ylides on a silica gel support was reported by Lan Tao and co-workers, 11 and recently, Castagnolo reported the synthesis of new enantiomerically pure triazole derivatives and their evaluation as inhibitors of Mycobacterium tuberculosis. 12 With this method, propargylamides and organic azides were reacted to generate 1,2,3-triazoles via a microwave-assisted click reaction in the presence of Cu/Na ascorbate, to generate the copper(I) catalyst in situ. Furthermore, Van der Eycken and coworkers used microwave-assisted click chemistry for the synthesis of 1,4-disubstituted 1,2,3-triazoles via a copper(I)-catalyst generated in situ by the comproportionation reaction of Cu(0) and Cu(II).
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Fokin and co-workers 14 developed a method for the synthesis of 1,4-disubstituted 1,2,3-triazoles directly from a variety aryl and vinyl halides using a copper(I)-catalyzed proline-promoted reaction in a mixture of dimethylsulfoxide/water (9:1) or dimethylformamide/water (4:1) as the solvent, at 60 °C overnight. The cycloaddition of azides and alkynes is typically carried out in refluxing toluene, but labile molecules may not be stable under these conditions. Also, although organic azides are generally safe compounds, those of low molecular weight can be unstable and, therefore, difficult to handle. 15 This is especially true for small molecules with several azide functionalities, which would be of much interest for the generation of polyvalent structures. Thus, a methodology that avoids isolation of organic azides is desirable. In this paper, the synthesis of new 1,4-disubstituted 1,2,3-triazoles from organic azides generated in situ under conventional click chemistry conditions and microwave assisted click conditions is reported.
Results and Discussion
As depicted in Scheme 2, the first step in the synthesis of triazoles is the in situ formation of an organic azide by the reaction of sodium azide and an alkyl bromide in aqueous tert-butyl alcohol ( t BuOH/H 2 O 1:1 v/v) at 25 °C. In this sense, three reactions were performed simultaneously at controlled temperature using benzyl bromide and sodium azide to establish the time for the completion of this reaction. The three samples were analyzed by high performance liquid chromatography (HPLC) using a methanol-water (7:3) mixture as eluent and UV detection at 214.16 nm. Through these experiments an optimal time of 130 min to complete these reactions was found, and the organic azide was isolated with 80% yield.
Scheme 2. Synthesis of 1,4-disubstituted 1,2,3-triazoles.
Then, a library of twenty one 1,4-disubstituted 1,2,3-triazoles was synthesized from the thermally induced Huisgen cycloaddition reaction between benzyl azide generated in situ and different alkynes and dialkynes. A temperature of 50 to 60 °C and a time of 6 to 12 h were the conditions for the synthesis of most of the products. The isolated product yields were in the range of 37 to 98%, depending of the alkyne used as starting material. Is noteworthy that in the case of products 1i, 1k, 1l and 1m, it was necessary to prepare the benzyl azide at 60 °C and after two hours to add the corresponding alkyne, sodium ascorbate and copper (II) sulfate, in order to prevent the formation of byproducts and increase the yield of the isolated product. Also, a different behavior was observed with the alkyne 3,3-diethoxypropyne under different reaction conditions (Table 1 , entries 1 and 2): when the reaction was performed at room temperature for 12 h the acetal triazole 1a was exclusively obtained, whereas at higher temperatures the isolated product was the formyl triazole 1b. Acidic conditions are normally required for the hydrolysis of acetal groups; in this case it seems to be a mild acid condition generated by ascorbic acid and copper(II) ions present in the reaction mixture, which is enough to hydrolyze the acetal group to the aldehyde at higher temperature.
As is shown in Table 1 , a variety of alkynes were used in the synthesis, which allowed the inclusion of different functional groups to the triazole molecules. It is interesting to found that the yield for the hydroxyalkyltriazoles 1c-1f decreases as the chain length increases; this might be due to the hydrophobicity of larger hydrocarbon chain compounds. Also, in the case of the anilinyl triazoles 1k-1m, there are dramatic differences on the yield, which increases as the amino group is separated from the triazole group. This is a clear evidence of a steric, more than an electronic effect on the reaction process. On the other hand, the microwave-assisted click synthesis of triazole compounds started with the optimization of reaction conditions. For this purpose the synthesis of product 1c was studied. First, in accordance with the literature, the time of reaction was set at 12 min and then, varying the temperature from 50 °C to 130 °C, it was found that at lower temperatures the product is not formed or very poor yields are obtained. In contrast, at higher temperatures (120 °C and 130 °C), quantitative yields are obtained (Figure 1a) . Then, keeping the temperature at 120 °C, the reaction was performed at different times, obtaining the maximum yield at 12 min. (Figure 1b ). Through these experiments the optimal reaction conditions at 120 ºC and 12 min were established, reaching a total conversion of the organic azide to the triazole compound and the isolation of the desired product with excellent yields. The same conditions were used for the synthesis of other triazole compounds previously prepared under conventional conditions, obtaining comparable or higher yields in the same time (Table 1 ).
Figure 1.
Optimization of the click chemistry microwave assisted conditions for 1c compound.
The yields obtained for triazole compounds prepared using monofunctional alkynes microwave-assisted click conditions were higher than those obtained under conventional conditions. Also, this technique has the advantage of being simple and allows the synthesis of the triazole compounds on a minimum of time. From an experimental point of view, the microwaveassisted click synthesis required only the reagents and the microwave irradiation. The isolation of the products was accomplished either by filtration of the reaction mixture through a celite and silica gel pad, or by extraction with ethyl acetate followed by purification by flash chromatography for some of the products.
In case of polyfunctional substrates as 3j, 3k and 3m the yields were lower than those obtained under thermal conditions. When crude products were purified the O-or N-alkylated derivatives were isolated as mainly products. For dialkynes 3s and 3t yields were comparable in both methods.
Conclusions
In this work a methodology was developed for the synthesis of 1,4-disubstituted 1,2,3-triazole compounds in excellent yields from an in situ generated alkyl azide and different alkynes. Also, it was found that the microwave irradiation dramatically reduces the reaction times from hours to several minutes, which is an important factor on the viability of new synthetic methods. In addition, the products are obtained in higher or comparable yields with those obtained under conventional thermal conditions.
Experimental Section
General. All reagents were purchased in the highest quality available and were used without further purification. The solvents used in column chromatography were obtained from commercial suppliers and used without distillation. Infrared spectra (FTIR) were recorded on a Perkin Elmer FT-IR 1600 spectrophotometer. Nuclear magnetic resonance 1 H (at 200 MHz) and 13 The mixture was placed in a microwave reactor vessel (10 mL) and heated at 120 °C for 12 min, and then cooled to room temperature. The reaction mixture was filtered with zeolite and silica gel to vacuo, was extracted with ethyl acetate (40 mL). After evaporation of the solvent, the residual oil was purified by flash chromatography.
General procedure for the synthesis of 1,4-disubtituted-1,2,3-triazoles under thermal conditions
To a solution t BuOH/H 2 O (6 mL 1:1 v/v) was added alkyl bromide (200 µL, 1.680 mmol), sodium azide (109.5 mg, 1.680 mmol), alkyne (1.680 mmol), copper(II) sulfate (21 mg, 0.080 mmol, 5% mol) and sodium ascorbate (33.4 mg, 0.170 mmol, 10% mol) with vigorous stirring at 50-60 °C for 6-12 h. The reaction mixture was filtered with diatomaceous earth or zeolite and silica gel in vacuo, then extracted with ethyl acetate (80 mL). The extracts were combined and dried over anhydrous sodium sulphate. After evaporation of the solvent, the residual oil was purified by flash chromatography. Benzyl-1H-1,2,3-triazol-4-yl)methanol (1c) Benzyl-1H-1,2,3-triazol-4-yl)butan-1-ol (1f) 1-(1-Benzyl-1H-1,2,3-triazol-4-yl) Benzyl-1H-1,2,3-triazol-4-yl)propan-2-ol (1h) 1-benzyl-1H-1,2,3-triazol-4-yl) 
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